A novel one-pot sulfonylation/intramolecular thia-Michael protocol is reported for the synthesis of 1,5,2-dithiazepine 1,1-dioxides. Sulfonylation between cysteine ethyl ester/cysteamine and 2-chloroethanesulfonyl chloride, followed by in situ intramolecular thia-Michael addition, was achieved and afforded the titled 1,5,2-dithiazepine-1,1-dioxide scaffolds. Diversification was demonstrated for future library synthesis.
necessary for the Michael addition to take place. However, when 1 was treated with cysteine ethyl ester (2a) or cysteamine (2b), intramolecular thia-Michael and sulfonylation occur simultaneously, leading to a one-pot synthesis of 1,5,2-dithiazepine 1,1-dioxide scaffolds 3 that bear free sulfonamide N-H groups (Scheme 1). A survey of base, additive, solvent and temperature (Entries 1 to 8, Table 1 ) showed 3.5 equivalent of Et 3 N, 0.1 equivalent of DMAP, 40 ºC in CH 2 Cl 2 gives the highest yield. Although the yield in this protocol is only moderate, the reaction is carried out under mild conditions and the products were conveniently recrystallized and isolated as colorless needles. We assume the moderate yield may be caused by the polymerization via intermolecular pathways, 10 as some residue that didn't dissolve in any solvent was observed during recrystallization, as well as the fact that slightly enhanced yield in more diluted concentration (Entry 9). Another possible reason accounting for the difficulty in approving the yield could be the decomposition of cysteine ethyl ester. It was supported by the detection of hydrogen sulfide smell, which is void in either starting cysteine ethyl ester or the cyclized product. To check this possibility, the ratio of sulfonyl chloride and cysteine ethyl ester was changed. In the case of excess sulfonyl chloride (Entry 10), the yield was similar to the original result (Entry 3), while when cysteine ethyl ester was in excess the yield was increased to 42% (Entry 11). Further increasing cysteine ethyl ester to 4 equivalents resulted in an inseparable byproduct along with the product (not shown). Finally, the reaction was carried out up to 40-gram scale (cysteine ethyl ester) using the condition in Entry 3, and roughly 20 grams of the desired product was obtained after recrystallization (CHCl 3 ) in a single reaction step (Entry 12). The structure of 3b was confirmed via X-ray crystallography (Figure 1) .
Notably, the only report of synthesis of 1,5,2-dithiazepane 1,1-dioxide (3a) involves the usage of 2,2′-dithiobis(ethylamine) dihydrochloride in a two-step sequence using two chromatographic separations (Scheme 2). 11 With the convenient synthesis of sultam 3 in hand, various diversification pathways were explored as outlined in Scheme 3. Benzylation of sultam scaffolds 3 using substituted benzyl bromides gave products 4 in good yield. In addition, benzylation of 3a required Cs 2 CO 3 in DMF, but milder conditions (K 2 CO 3 in MeCN) were sufficient for substrate 3b presumably due to the electron withdrawing ester group in 3b. Treating of 3 with acyl chloride, in the presence of Et 3 N and DMAP resulted in acyl-products 5. Alternatively, reduction of the ester group of 3b followed by isocyanate coupling with the resulting alcohol provided carbamate 6. Finally, amides 7 were synthesized via a two-step sequence of benzylation and direct amidation of the ester.
In summary, a one-pot sulfonylation/intramolecular thia-Michael protocol was developed for the synthesis of 1,5,2-dithiazepine 1,1-dioxide scaffold on multi-gram scale, incorporating stereochemistry and additional handles for further diversification. A demonstrative library was generated from the scaffolds. The compounds produced are currently being broadly screened within the NIH Molecular Library Screening Network (NIH-MLSCN) and additional biological collaborators.
Experimental
All reactions were carried out under argon atmosphere. Stirring was achieved with ovendried magnetic stir bars. Et 2 O, toluene, THF and CH 2 Cl 2 were either purchased through Sigma-Aldrich or purified by passage through the Solv-Tek purification system employing activated Al 2 O 3 (Grubbs, R. H.; Rosen, R. K.; Timmers, F. J. Organometallics 1996, 15, 1518-1520). Et 3 N was purified by passage over basic alumina or distilled over CaH and stored over KOH. Flash column chromatography was performed with Sorbent Technologies (30930M-25, Silica Gel 60A, 40-63 um). Thin layer chromatography was performed on silica gel 60F254 plates (EM-5717, Merck). Deuterated solvents were purchased from Cambridge Isotope laboratories. 1 H, 13 C NMR spectra were recorded on a Bruker DRX-400 spectrometer operating at 400 MHz, 100 MHz respectively as well as a Bruker DRX-500 spectrometer operating at 500 MHz, 125 MHz respectively and a Avance AV-III 500 with a dual carbon/proton (CPDUL) cryoprobe operating at 500 MHz, 125 MHz respectively. Observed rotations at 589 nm were measured using AUTOPOL IV Model automatic polarimeter. Weights were taken on a Flexiweigh Automatic Weigher; weight tolerance +/-0.3mg. Samples were concentrated on a GeneVac EZ personal evaporator and placed under high vacuum for ≥ 2 hours before final weights were taken.
General procedure for the one-pot sulfonylation/intramolecular thia-Michael protocol 2-Chloroethanesulfonyl chloride (20.9 mL, 0.2 mol) was added drop wise to a stirred solution of cysteine ethyl ester (40.9 g, 1.1 equiv.) or cysteamine hydrochloride (25.0 g, 1.1 equiv.), Et 3 N (111.3 mL, 4 equiv.) and DMAP (2.44 g, 0.1 equiv.) in CH 2 Cl 2 (500 mL) at 0 ºC. After addition, the reaction was allowed to warm to room temperature and stirred overnight. The mixture was washed with 1 M HCl, brine, dried (Na 2 CO 3 ), and concentrated under reduced pressure. The crude mixture was recrystallized with CHCl 3 to afford the product 3a or 3b as colorless needles.
1,5,2-dithiazepane 1,1-dioxide (3a)
. 12 Colorless needles, yield 32%. 
General procedure for the synthesis of 4a-c from scaffolds 3a
To a stirred solution of 3a (0.2 mmol, 1 equiv.) and benzyl bromide (0.22 mmol, 1.1 equiv.) in DMF (1 mL) was added Cs 2 CO 3 (0.3 mmol, 1.5 equiv.). The mixture was stirred at 60 ºC overnight, before quenching with addition of H 2 O. The mixture was diluted with Et 2 O, washed with H 2 O and brine, dried (Na 2 CO 3 ), and concentrated under reduced pressure. The crude product was purified via flash chromatography. 
2-(4-bromobenzyl)-1,5,2-dithiazepane 1,1-dioxide (4a)

General procedure for the synthesis of 4d-f from scaffolds 3b
To a stirred solution of 3b (0.20 mmol, 1 equiv.) and benzyl bromide (0.22 mmol, 1.1 equiv.) in CH 3 CN (1 mL) was added K 2 CO 3 (0.30 mmol, 1.5 equiv.). The mixture was stirred at 60 ºC overnight, before quenching with addition of H 2 O. The mixture was diluted with Et 2 O, washed with H 2 O and brine, dried (Na 2 CO 3 ), and concentrated under reduced pressure. The crude product was purified via flash chromatography. 
General procedure for the synthesis of 5 from scaffolds 3
To a stirred solution of 3 (0.20 mmol, 1 equiv.), Et 3 N (0.60 mmol, 3 equiv.), DMAP (0.02 mmol, 0.1 equiv.) in CH 2 Cl 2 (1 mL) was slowly added acyl chloride (0.22 mmol, 1.1 equiv.) at 0 ºC. The mixture was kept stirring at 0 ºC for 1 h, before quenching with addition of H 2 O. The mixture was diluted with Et 2 O, washed with H 2 O and brine, dried (Na 2 CO 3 ), and concentrated under reduced pressure. The crude product was purified via flash chromatography. (1,1-dioxido-1,5,2-dithiazepan-2-yl) 119.8, 118.4, 112.5, 62.5, 60.3, 55.4, 53.6, 38.2, 29.0 
1-
General procedure for the synthesis of 6 from scaffolds 3b
A solution of NaBH 4 (24 mmol, 4 equiv.) in 50% ethanol/H 2 O (10 mL) was added to a suspension of 3b (6 mmol, 1 equiv.) in 50% EtOH/H 2 O (10 mL). After the reaction was stirred at 80 ºC for 4 h, solvent was evaporated to afford the crude alcohol, which was purified via flash chromatography. The resulting alcohol (0.2 mmol, 1 equiv.), DMAP (0.02 mmol, 0.1 equiv.) was dissolved in CH 2 Cl 2 (1 mL), then isocyanate (0.21 mmol, 1.05 equiv.) was added at rt. The reaction was stirred at rt for 2 h and the solvent was removed under reduced pressure. The resulted residue was dissolved back into EtOAc, washed with 10% HCl and brine, and dried (Na 2 SO 4 ). The crude product was purified via flash chromatography. (1,1-dioxido-1,5,2-dithiazepan-3-yl) 
(R)-
General procedure for the synthesis of 7 from scaffolds 4
A solution of scaffold 4 (0.2 mmol, 1 equiv.), amine (2 mmol, 10 equiv.) and 2-hydroxypyridine (0.04 mmol, 0.2 equiv.) in toluene (1 mL) was refluxed for 14 h. The solvent was evaporated under reduced pressure and the crude product was purified via flash chromatography. Table 1 The synthesis of core scaffolds 3 
